Introduction
Brefeld (1889) reported a fungus which he named Heterobasidion annosum (Fr.) Bref., and gave detailed descriptions of both the anamorph and teleomorph. The anamorph has simple erect conidiophores producing conidia on denticles of a swollen terminal cell called an ampulla (Hughes 1953) .
The prevailing view is that, while spores are important in the epidemiology, conidia of H. annosum play little or no role in dispersal of this pathogen. Although conidiophores have been seen in nature, their occurrence is rare (Kallio 1971; Kelley and Davis 1973; Morris and Knox 1962; Rishbeth 1951 Rishbeth , 1957 . Due to the scarcity of conidiophores, it has been inferred that the conidia are also scarce, and thus serve no role in dispersal. Although conidia are less infective and less virulent than basidiospores (Kuhlman and Hendrix 1964) , many successful inoculation studies have used conidia as the inoculum (e.g., Boyce 1963; Driver and Ginns 1969; Shaw 1981) . Furthermore, conidia in water suspensions are more viable following exposure to ultraviolet light than basidiospores (Kallio 1974) ; and conidia are more resistant to high temperatures than basidiospores (Ross 1969) .
Few studies have attempted to assess the effective dispersal of H. annosum in nature. Through scanning electron microscopy of H. annosum spores, Shaw and Florance (1979) found that the surface of conidia are smooth, whereas basidiospores are ornamented with numerous echinulations. Using scanning electron microscopy on spores of H. annosum trapped in nature, Leslie (1983) found approximately 18% were conidia. However, this technique did not differentiate between viable and nonviable spores.
In the life cycle of H. annosum, as with most higher basidiomycetes, two different mycelial states can be distinguished: homokaryons, which possess primary mycelia with only one type of nucleus; and heterokaryons, composed of secondary mycelia with more than one type of nucleus. One character which distinguishes a classical heterokaryon from a homokaryon is that the former has clamp connections. Although many researchers have found that septa of H. annosum do not bear clamp connections (Campbell 1938; Pinto-Lopes 1952; Nobles 1969; Stalpers 1978) , some more recent workers have found abundant clamp connections on hyphae of H. annosum (Chase and Ullrich 1983; Korhonen 1978; Stenlid 1985) . European researchers discovered that conidia from heterokaryotic mycelia of H. annosum can be either homokaryotic or heterokaryotic (Ahrberg 1975; Korhonen 1978; Stenlid 1985) . Basidiospores of this heterothallic species are always homokaryotic (Korhonen 1978; Wilson et al. 1967 ); although homothallic variants exist which bear clamp connections on septa of monobasidiosporous mycelium .
However, these homothallic isolates have only been found in Australasia, and have been placed in a new species (Buchanan 1989) .
If the pattern of basidiospores with homokaryotic unclamped mycelia, and conidia with either homokaryotic unclamped or heterokaryotic clamped mycelia holds for Washington isolates of H. annosum from western hemlock (Tsuga heterophylla (Raf.) Sarg.), then this difference can be exploited to assess the relative frequency of the two types of spores in western hemlock forests. The objectives of this work on H. annosum were as follows: (i) to determine the frequency of clamp connections on septa of western hemlock isolates; (ii) to establish whether homokaryotic conidia arise from heterokaryotic mycelia; and (iii) to investigate the occurrence of conidia versus basidiospores in western hemlock forests. 
Pathogen collection and isolation
The majority of isolates were obtained from western hemlock stumps created during thinnings or harvests. Both basidiocarp and infected wood samples were collected. In the laboratory, small pieces of the samples were cultured in 9 cm diameter Petri plates on the selective medium of Edmonds et al. (1984) . Mycelia of H. annosum were recognized by their typical asexual fruiting structures, and were subcultured onto 2 % malt agar.
Airborne spores of H. annosum were trapped in the same western hemlock stands, following the methods of Edmonds et al. (1984) . Petri plates of 9 cm diameter containing selective medium were exposed for up to 1-h duration on the forest floor. The plates were wrapped with Parafilm and returned to the lab for incubation at 25°C. Colonies were visible after 1 week of incubation. The selective medium inhibited colony expansion, and thus H. annosum colonies, with their distinct asexual structures, could be easily subcultured.
In addition to natural isolates, dikaryons were synthesized in the laboratory by pairing inocula of monobasidiosporous or homokaryotic monoconidial isolates, and subculturing after several weeks of incubation.
Clamp connections
Isolates of H. annosum were cultured onto Petri plates containing a thin layer of medium (10 mL 2% malt agar in 9 cm plates), and incubated at 25°C for up to 3 weeks. The plates were inverted and placed under a compound microscope, and the septa examined for clamp connections. The submerged hyphae growing adjacent to the Petri plates were easily seen at magnifications of 100 x or 400 x .
Several examinations for clamp connections were made during the 3-week incubation period. Airborne spore isolates were most intensively examined for septa bearing clamp connections throughout a series of subcultures.
Isolation of homokaryotic conidia
Two isolates, A2W and WlOlB, bearing numerous clamp connections were used here. For each, a 1-to 2-week-old Petri dish culture was opened and inverted over an open Petri plate containing the selective medium of Edmonds et al. (1984) . The culture plate was tapped to liberate mature conidia. After 1 to 2 weeks of incubation at 2SoC, the small, isolated, monoconidial colonies were subcultured, incubated, and then microscopically examined for clamp connections. Hollis, Alaska aIsolates were examined for clamp connections by incubating for 2 weeks on thin-layer 2% malt agar plates and viewing for clamps under lOOx or 4 0 0~ magnification through the bottom of the petri plate.
"he letters at the end of each isolate designation refer to the type of isolation, with B basidiocarp tissue; W, infected wood; S, aerial spore origin.
'Dikaryons were synthesized from pairings of homokaryotic monobasidiospore or monoconidial isolates derived from Washington specimens.
acetocarmine (e.g., McClintock 1929; Wheeler and Driver 1953; Rogers 1964) .
To make the stain, 1 g carmine is added to 100 mL of boiling 45 % acetic acid and boiled for 2 min. This solution is cooled and filtered, and, without the addition of a substance containing Fe, this stain will keep for many years on the laboratory shelf. Mycelium or spore specimens are smeared onto a slide, and two drops of acetocarmine are placed onto the specimen; or the specimen can be placed into the stain on the slide. The stain is mixed into the specimen with a steel rod for several minutes, because Fe acts as a mordant for the stain reaction. The slide is then flamed lightly to cause intensification of the stain in the nuclear material. If the stain is too dark and widespread, the specimen can be destained with 25 % acetic acid to dilute the stain. If the stain is too light, more stain can be applied, and also the slide can be refrigerated for several days (chilling intensifies the staining of chromatin). The nuclei appear as darker rings or spots in lightly stained or destained uncoloured background, and the use of a green filter enhances the resolution of stained nuclei.
Nuclei in conidia
To produce abundant conidia, small wood disks from branches of The few studies on the cytology of H. annosum (Ahrberg 1975 ; western hemlock were inoculated with H. annosum. One month later, Griffin and Wilson 1967; Wilson et al. 1967 ) have all used the the sporulating heads were rubbed directly onto glass slides, giving Giemsa technique common for chromosome staining (e.g., Schweizer a high concentration of conidia. Nuclei were counted in at least 100 1973). A much less laborious, albeit impermanent technique utilizes conidia for each isolate. Six isolates were stained, four heterokaryons (WIOIB, B131W, W184W, A2W) and two homokaryons derived from two of the heterokaryons (WlOlf, A29.
Results and discussion

Clamp connections
Twenty-nine isolates of H. arznoswn from western Washing-I ton and 1 from Alaska were examined for clamp connections (Table 1 ). In no case did the frequency of clamp connections exceed 25% of all septa for any isolate, whether from infected wood, basidiocarp tissue, or laboratory synthesis. In common with Chase and Ullrich (1983) and Korhonen (1978) , we found clamp connections most frequently on straight, long hyphae of large diameter. On such hyphae, clamp connections were present at nearly every septum. However, the majority of hyphae were thin and narrow, and very seldom bore clamp connections.
Since the heterokaryotic state is normally a prerequisite to basidiocarp formation, it is expected that basidiocarp tissue is heterokaryotic. However, clamp connections were seen in only two out of seven basidiocarp tissue isolates (Table 1) . Possibly the selective medium on which they were first cultured caused de-dikaryotization. The scarcity of clamp connections in some presumably heterokaryotic isolates indicates that clamp connections of H. annosum require conditions beyond mere heterokaryosis, at least for our local isolates. Those synthesized isolates without clamp connections were perhaps-not dikaryons due to incompatible matings or improper subculture of the synthesized dikaryons. In any case, the nature and control of clamp connection formation in H. annosum need further investigation.
In addition to the above specimens, over 50 monobasidiospore isolates from three different basidiocarps were examined for clamp connections. No clamp connections were found for any of these isolates. Korhonen (1978) observed clamp connections in about 5 % of his monobasidiospore isolates, but he attributed this to aberrant sporogenesis or unsuccessful singlespore isolations.
Homokaryotic conidia
The production of homokaryotic conidia from heterokaryotic mycelia is known in other fungi and has been amply documented in past studies (see Furtado 1966 , and references within). Two heterokaryons were used in this study. Isolate WlOlB produced monoconidial progeny in the proportion of 10 with clamp connections to 1 1 isolates without; and isolate A2W, 4 with to 8 without. By using growth rate and mycelial interaction tests, the homokaryons (those without clamp connections) from each parental heterokaryon were further divided into two different types.
Heterokaryon WlOlB possessed a genetic marker which simplified identification of monoconidial isolates: the heterokaryon was pigmented while the homokaryons were white. Furthermore, after 3 months of incubation using the stem method of , the pigmented heterokaryon produced basidiocarps in culture, whereas the homokaryons never did.
For each heterokaryon, the two different types of homokaryotic monoconidial progeny were almost equal in number. The results of Korhonen (1978) show similar patterns, and he also found that on average half the monoconidial progeny are homokaryotic and the other half heterokaryotic.
The occurrence of heterokaryotic conidia indicates that there are heterokaryotic conidiogenous cells. But are homo- karyotic conidia the first homokaryons derived from a heterokaryon? It may be that the conidiogenous cell and perhaps many of its progenitors were homokaryotic. That is, segregation of the nuclei into different hyphae may have already occurred prior to conidiogenesis; thus conidia would necessarily be homokaryotic, being borne on homokaryotic conidiophores. The question of whether a mycelium is composed of a mosaic of hyphal types is very intriguing and deserves greater study.
Nuclei in conidia
The aceto-carmine technique is simple and quick; however, good staining results are not consistently achieved. Significant differences were found using the x2 test ( a = 0.05) in the distribution of nuclear number between heterokaryons and derivative homokaryons (Fig. 1) . The nuclear number distribution of the homokaryons shows a narrower range with nearly all conidia bearing either one, two, or three nuclei. The reason for the difference in nuclear number distribution between homokaryons and heterokaryons is unknown. The broader range and higher mean for heterokaryons (2.69 nuclei/conidiui) vs. homokaryons (2.01 nuclei/conidium) may result from a genetic drive for each nuclear type to be in all conidia.
Beginning with a heterokaryotic mycelium, the incorporation of only a single haploid nucleus into a conidium automatically results in a homokaryotic mycelium if that conidium becomes established. In this study, as with Ahrberg (1975) , two nuclei per conidium was the most common number, making up one-third of all conidia on average. The presence of three or more nuclei per conidium classed as a single group was the most abundant class of conidia. In multinucleate conidia, the chances of having only one nuclear type in a conidium diminishes with the number of nuclei assuming no preferential segregation occurs.
The chances of obtaining either type of homokaryon from a heterokaryon can be calculated by knowing the distribution of nuclear number and making certain assumptions, such as random segregation of nuclei and no mitotic divisions after entering conidia. This later assumption is supported by Ahrberg (1975) . Using the data presented in Fig. 1 , these proportions were calculated for conidia from mycelia of four heterokaryotic isolates: one nucleus, 23%; two nuclei, 36%; three nuclei, 16%; four nuclei, 11 %; and five nuclei, 6 % ; six nuclei, 4 % ; seven nuclei, 2 % ; eight or more nuclei, 2%. The chance of obtaining one type of homokaryon in conidia from a heterokaryon was calculated as follows:
Thus, theoretically, approximately 2 5 % of the conidia from a heterokaryon will be one type of homokaryon, with another 25% for the other homokaryon, leaving 5 0 % for the heterokaryon. This agrees with the findings of the previous section on homokaryotic conidia, where the total number of monoconidial homokaryons was the same as the number of monoconidial heterokaryons, and the number of the different homokaryons from one parental dikaryon was the same.
Occurrence of H. annosum conidia in nature
Relatively few spores of H. annosum, either conidia or basidiospores, were trapped by the Petri plate method. This was likely due to the time of trapping, which was mostly in early summer, and also to the unseasonably hot weather at that time and into the fall of 1987. The 10 cultures originating from spores trapped on plates were divided in this ratio: eight without clamp connections to two with clamp connections (Table 1) .
Excluding the possibility that clumps of homokaryotic spores were deposited and grew together o n the trapping plates, the occurrence of the isolates with clamp connections in this collection of aerial spores shows that airborne conidia are present in western hemlock forests. Assuming that all spores of H. annosum will sediment at the same velocity, and through a rough estimate using data gained from the previous two sections, the occurrence of 2 heterokaryons in a total of 10 aerial isolates implies that conidia make up a third to a half of the aerial spore load of H. annosum.
T h e role of conidia in dispersal and establishment for most ascomycetous and basidiomycetous wood-decay fungi is not known, and the emphasis mostly has been placed o n sexual spores (Rayner and Boddy 1986) . The small number of specimens trapped in this study cannot provide conclusive evidence, but it does give an indication that conidia may be present as a part of the aerial inoculum of H. annosum.
Furthermore, these techniques can be used o n more samples and also in other areas of the world to investigate airborne conidia of H. annosum.
